Most serodiagnostic techniques have been evaluated for diagnosis of cystic hydatid disease caused by Echinococcus granulosus. Each, to varying degrees, has been shown to give false results, with considerable variation between laboratories. The comparative study was made concerning the sensitivity of the immunodiagnostic methods based on 58 sera from hydatid disease with different cyst locations. Latex agglutination, immunoelectrophoresis (IEP), and specific IgE, IgG enzyme-linked immunosorbent assay (ELISA) tests were studied. Specific IgG ELISA AgB (antigen B-rich fraction) was the most sensitive test (96.5%) and the least sensitive tests were specific IgE ELISA (24.1%) and IEP (25.8%).
INTRODUCTION
Serological tests for diagnosing hydatid infections in people living in areas where the disease is endemic are useful because of the low cost and ease of performance. Meanwhile, radiological techniques are often too expensive or are not available in many areas where hydatidosis is highly endemic (1) . The presence of raised specific antibody titres in patients with cystic hydatid disease has been assayed by various techniques, such as indirect hemagglutination or latex agglutination, immunoelectrophoresis, complement fixation, immunoenzymatic, and indirect fluorescent antibody tests (2, 3) . Each has been shown to give various proportions of both false positive and false negative results, but often with considerable variation between laboratories (2, 4, 5) .
In addition, the enzyme-linked immunosorbent assay (ELISA) is considered an effective method overall to evaluate the serological immunostatus of patients (4, 6) . However, the literature on this subject often contains apparently contradictory reports concerning the specificity and sensitivity of the assay, suggesting that its effectiveness depends largely on the type of antigen source used (7), thus making comparisons difficult (8-11).
Iacona et al. (12) and Rickard et al. (13) described experiments using cyst-fluid antigens 5 and B fractionated by salt precipitation, and, although increased sensitivity was achieved, more nonspecific reactions occurred than with crude cyst fluid. These results together with Western blot studies suggest that the use of the antigen-B fraction of hydatid fluid would give a specific and sensitive test for cystic hydatid disease. This article reports the results for serum samples of 78 patients with hydatid disease by using ELISA method for the identification of antibodies to antigen-B-rich fraction, in comparison with five other serologic techniques, given that the serological diagnosis is considered a confirmation of the etiological process, indispensable for a definitive diagnosis prior to surgery.
MATERIALS AND METHODS

Sera
Sera from patients with hydatidosis surgically confirmed with different cyst locations: Liver Lung (LLu; 14), Liver (L; 2), Lung (Lu; 24), Transient Liver-Lung (TLLu; 8), Mediastinic (MED; 2), and in other locations (8) . Some sera were obtained from Spain's University of Valladolid Department of Microbiology, and 20 came from Chile. Fifteen Distomatosis control sera were from Chile, 9 Schistosoma were from Egypt, and 15 came from healthy volunteers residing in Spain, obtained from the blood bank (Hospital Virgen de las Nieves, Granada, Spain). Controls showed no abnormality on medical examination and had no antibody to E. granulosus assayed by IgG ELISA commercial kits from Pharmacia (Pharmacia CAP System RAST FEIA, Pharmacia AB, Uppsala, Sweden).
Parasitic Material
Hydatid antigen was obtained from hydatid fluid (HF) of fertile sheep-liver cysts, following the technique used by Varela-Díaz and Coltorti (14) . The antigen was prepared with a pool of hydatid liquid centrifuged at 15,000g for 30 min and then dialysed for 3 days against 3 changes of distilled water. Once dialysed, the liquid was lyophilised and contrasted by immunoelectrophoretic analysis following Pan American Zoonosis Center/PAHO/WHO guidelines (14) .
Antigen Preparation
Hydatid preparations enriched in B antigens (further labelled as fraction AgB) were obtained from the HF as described by Sbihi et al. (11) , based on the methods of Oriol et al. (15) and Williams et al. (16) and provided by Vircell, SL (Granada, Spain). The HF was dialysed against 5 mM acetate buffer (pH 5.0) and centrifuged at 48,000g (30 min). The precipitate was dissolved in 0.2 M phosphate buffer (pH 8.0), boiled for 15 min and centrifuged again (48,000g, 60 min). The supernatant was removed and passed through a protein G column (Pharmacia LKB, Uppsala, Sweden) to remove any remaining host antibodies. The protein concentration of the antigen preparation was determined by a micro-Lowry assay (17) .
ELISA (Ag B)
Recognition of hydatid antigen (antigen-B-rich fraction) by sera was done by ELISA according to Sbihi et al. (11) , with the following modifications: antigen at a concentration of 20 µg/ml was coated onto polystyrene microtitre plates (Nunc, Denmark), retained antibodies were developed with peroxidase-labelled antihuman IgG antibodies, and o-phenylenediamine (OPD) (Sigma Immunochemicals, St. Louis, MO) and reaction was stopped by addition of H 2 SO 4 (3N). Absorbance was read at 492 nm in a microplate reader (Kontron Analytical, SLT 210). Means and SD of the optical-density (OD) values obtained for the control sera were used to establish a cut-off value, mean OD + 3SD. Values of OD higher than the cut-off value were considered positive for antihydatid antibodies.
ELISA IgG
As an antigen, the hydatid cyst fluid was used to sensitize the polystyrene plaques according to Orduña et al. (18) .
Immunoelectrophoresis (IEP)
In this technique, the hydatid antigen was prepared following the guidelines and instructions of the Pan American Zoonosis Center (14) . The test was considered positive when the Capron arc 5 appeared (19) or when there appeared two or more precipitation arcs different from the Capron arc.
Commercial Diagnostic Kit
The agglutination Latex kit (Bio Hydatidosis Latex, Bio Shell S.A., Madrid) was used following the manufacturer's instructions. For the techniques of specific IgE and specific IgG ELISA, commercial kits were used from Pharmacia (Pharmacia CAP System RAST FEIA, Pharmacia AB).
RESULTS
Test Sensitivity
Specific IgG ELISA AgB proved to be the most sensitive test. Latex and ELISA IgG+ (using cyst hydatid fluid as the antigen) gave considerable sensitivity: 74.1 and 72.4% respectively. Meanwhile, the other techniques showed weak sensitivity, with many false negative results (Table 1 ). In the detection of IgG by ELISA, using the antigen-B-rich fraction, all the sera from patients with cysts in any location proved positive, except 2 sera from 24 patients with lung cysts (Table 1) .
Diagnostic Suitability of Antigens
ELISA analysis, carried out mainly with sera from patients with different cyst locations, showed that both crude hydatid fluid and the antigen-B-rich fraction were strongly immunoreactive with sera from hydatid patients (Fig. 1) . Positive/ negative cut-off values, calculated from the mean OD plus 3 standard deviations for normal sera from endemic area, were 0.05 for hydatid fluid and 0.163 for antigen B. Using these values, hydatid fluid had a sensitivity of 72.4%, while antigen B had a sensitivity of 96.4%.
Laboratory Assessment of ELISA AgB
A total of 117 sera were tested by means of the ELISA. With the use of the antigen-B-rich fraction, only 5 of 78 confirmed cystic hydatid cases gave a negative result (93.5% sensitivity). Three of 15 Distomatosis and 1 of 9 Schistosomiasis patients gave slightly positive results (89.7% specificity) (Fig. 2) .
DISCUSSION
Many studies have focused on increasing the sensitivity of techniques to detect low levels of antibodies. The intensity of the serological response to hydatid antigens varies considerably, depending on the host and the location of the parasitic cysts, among other factors. In this sense, ever since the beginning of serological diagnosis of hydatidosis, lung cysts have given very low responses (20) . Nevertheless, other locations such as the liver offer good or acceptable serological responses (21) (22) (23) . In this work the most sensitive test was ELISA AgB from all the patients together, except 2 of 24 with lung locations (Table 1 , Fig. 1 ), followed by the Latex method (74.1% sensitivity). Still better results were obtained when the partly purified antigen from HF had been used as described by Barbieri et al. (24) . The least sensitive were specific IgE ELISA and IEP, these results coinciding basically with the findings of most researchers (4, 23, 25, 26) . Most studies reflect the low sensitivity of specific IgE ELISA tests in pulmonary hydatidosis diagnosis (in our study 4 of 24 were positive) ( Table 1 ). This sensitivity is much lower than was found in hepatic hydatidosis, and even lower than the sensitivity indicated by other nonimmunoenzymatic tests (4, 27) . However, other authors report that specific IgE levels in patients with multi-cystic hydatidosis were similar to those of patients with hepatic hydatidosis (28) .
With respect to immunodiagnosis, Gottstein et al. (29, 30 ) and Lightowlers et al. (31) , demonstrated that the serological response of the intermediate hosts is influenced not only by the species but also by the strain of Echinococcus. Consequently, the heterogeneity of the antigen should be taken into consideration in the development and choice of the immunodiagnostic procedure in different endemic areas. Recently, many works, including molecular biology have concentrated on finding and characterizing an antigen fraction for immunodiagnosis which is not affected by the different strains. Antigen B is less immunoreactive than is antigen 5, but it is much more specific for E. granulosus, as only cross-reactions in sera from certain patients with alveolar hydatidosis (E. multilocularis) have been detected (32) and in patients with schistosomiasis (33). Garcia et al. (34) conjectured that the antigens with molecular weights of 8 and 12 kDa (subunit of antigen B) would offer the most diagnostic value. In the present study, we found that the sensitivity of this antigen is independent of the cyst location ( Table  1 ). The specificity of the techniques that offered relatively low sensitivity was not tested.
The ELISA technique using purified antigen, performed in our laboratory, gave good diagnostic values (93.5% sensitivity, 89.7% specificity, and 92.3% diagnostic efficacy) (Fig.  2) . These results are similar to those obtained by Kaddah et al. (35) , who used antigens obtained by affinity chromatography, and to the results of Ito et al. (36) and Poretti et al. (37) . In agreement with the others' results-especially with Gottstein (38)-the sensitivity and specificity of the diagnosis of most of the tests varied considerably according to the a Values of OD higher than the cut-off value, 0.05 (Mean + 3SD), were considered positive for ELISA IgG+. Sera were considered positive for ELISA AgB when the absorbance was above the cut-off line: 0.163 (Mean + 3SD). nature, purity, and quality of the antigen, according to the nature of the immunoglobulins (e.g., isotypes), and according to the sensitivity methodology chosen. The results obtained in the present work confirm that the use of purified antigens is crucial in the immunodiagnosis of the Hydatid disease.
